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predictive damage models, in order to §ypass the tedious
experimental requirements foe generating jiamage data. The
predictive ability of the best of these mqdels, the junction
capacitance damage model, is investigated in detail.

(-Central to this study is a library of xperimental damage
data for 46 silicon device types, comprising ipolar transistors
and diodes tested at the 10-, 1-, and 0.1 pulse durations.
These are devices from the front ends o a number of Army
systems and represent radio, field wire, and cable functions
with operating ranges in the direct current (dc) to microwave
region. Of the 46 experimental devices comprising 68 junction

L types (collector-to-base and emitter-to-base junctions treated
as distinct for all transistors), sufficient published
manufacturers' data were available for the damage modeling of 11
junctions. These were supplemented with measured parameters for
27 junction types. No measurable difference was observed
between the mode predictive capability by using the
experimental parameter and that by usiig manufacturers' model
parameters. The ratios f experimental rower to damage (for all
tested pulse durations) o predicted vzilue span a range from
0.00077 to 18--a skewed istribution, with 59 percent of all
predicted values being overe timates of the power to daage.

With only 16 percent of the test-device population having
sufficient published parameters to allow the junction
capacitance damage model to be used, it is a valuable exercise
to develop alternative, simpler damage models--not so much as a
substitute for the junction capacitance model, but rather as a
standard for comparison. The first considered was the dc power
rating model. It was bas on the supposition that there is
some correlation between dc .,ower ratings and transient power to
damage. No distinction was made in the development of this
model between forward or reverse dc ratings. The resultant
model was applicable to 88 percent of the test-devi*2e population
(based on published parameters) and demonstrated an agreement
with the experimental power-to-damage data that was
approximately two to four times poorer than the junction
capacitance model. A second model was developed based on the
manufacturers' rating of devices as high power or low power.
This model considered the entire population of bipolar
transistors and diodes (excluding microwave devices) as
equatable to either of two devices with damage constants of
0.089 and 6.1 W-sl.'2. This model was applicable to 90 percent
of the test population and demonstrated the same level of
correlation with the experimental damage data as did the
junction capacitance damage model.

A comparison of the predictive capability of the junction
capacitance damage model with the scatter in the experimental
damage data indicates that the use of the failure model requires
an order of magnitude larger conservatism in the lower bounding
of device failure than the use of an experimentally established
damage curve.
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1. INTRODUCTION

Componeit t.:ansient damage data are an integral part of any
comprehensive program of electromagnetic pulse (VMP) vulnerability
assessment and hardening. In general, semiconductor devices represent
the most vulnerable of components and are the devices that have received
the most intensive study. With approximately 75,000 \oipolar transistor
"and diode types alone (of which approximately 20,00 have military
specifications), experimental damage data, data available only as a
result of dedicated efforts, can be expected to be a*jailable for only a
minor fraction of semiconductor devices. Thi.& lim:Ltation has spurred
efforts to bypass the tedious experimental requirements to generate
damage data by developing predictive damage mbdqls. Three semiempirical
damage models are presently in general use.1  These are designed to
predict the failure level of bipolar transistors and diodes under
conditions of reverse bias. There is amassed in the literature much
information on the predictive ability of these models, much of it
sketchy with no well defined standards for drawing a comparison and some
of it contradictory. Based on the most exhaustive of t.hese studies,there appears no clearly superior model. 2

The purpose of this atudy is to focus on one of these, the junction
capacitance damage model, and to attempt to establish some standards
whereby the user can judge its adequacy. Central to this examination is
a library of experimental damage data for 59 device types generated for
the Army's former Multiple Systems Evaluation Program. These represent
transistors and diodes incorporated into the front ends of a number of
tactical single and multichannel radios, associated with circ,,its
operating from the direct current (dc) to the microwave region. These
data are taken from the unpublished wrk of Bruno Xalab of the Harry
Diamond Laboratories.

This study is a narrowly defined investigation of the predictive
ability of the junction capacitance damage model. It must always be
borne in mind that, when the adequacy of the model is judged, it must be 4
considered within the context of all sources of error in a program of
EMP vulnerability assessment and hardening. Since model accuracy is a
subjective quantity to be measured by the particular needs of the user,
no conclusions are to be drawn. Rather, a set of standards is to be
developed whereby the effecziveness of the model for particular 1
applications can be judged.

IDNA EMP (Electromagnetic Pulse) Handbook (U), Defense Nuclear Agency

DNA 2114H (July 1979). (CONFIDENTIAL)
2 D. R. Alexander, G. L. Br'oa-n, and J. B. Almassy, Electromagnetic

Susceptibility of Semiconductor Components, Air Force Weapons Laboratory
AFWL-TR-74-280 (September 1975).
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2. EXAMIRATION

Most predictive failur#3 models for semiconductors are based on the
work by Wunsch and Bell. 3  Based on a thermal model for failure, Wunsch
and Bell developed the expression

-N
PD mKt ,(1)

where PD is t~ie power to failure for a square pulse, K is a constant

characteristic of the device (damage constant), t is the duration of the
power pulse, arnd, for the Wunsch-Bell form of equation (1), N - 0.5.
This value for N is treated as valid for junction reverse bias in at

least the 0.1- to l(.-ps range. It was observed that the'e existed a
measure of correlation between power to damage and P-N junction area.
From this observation were developed three analytical .iodels for
predicting device failure (under reverse bias) based on manufacturers'
specifications. 4 The first two are called thermal resistance models and

are based on a simple resistance-capacitance (R-C) network for which
heat flow from the junction area is treated as an analog of current, and
temperature drop is treated as an analog of electric potential.

The thermal resistance models (incorporated into the Wunsch-Bell
equation) are

P = A R , 1t-0 5 1.2

PD) = A26B2t-.5 (3)
JAJ

where A,*, A, B1, and B2 are experimentally determined constants and

TJ(MAX) T C

PD (4)

3D. C. Wunsch and R. R. Bell, Determination of Threshold Failure
Levels of Semiconductor Diodes and Transistors due to Pulse Voltages,
IEEE Trans. Nucl. Sci., VS-15 (December 1968), 244-259.

4D. C. Wunsch, R. L. Cline, and G. R. Case, Semiconductor
Vulnerability, Phase II Report, Theoretical Estimates of Failure Levels
of Selected Semiiconductor Diodes and Transistors, Braddock, Dunn and
McDonald, Inc., Albuquerque, NM, BDM/A-42-69-R (August 1970).

G



T J(MAX) 'IAME(B

D

where Tj(Ax) is the maximum operating junction temperature and is

the total power dissipation at case temperature 'C or ambient
temperature TA.B.

The junction capacitance model is based on the relationship between
junction area and capacitance. The "orm of this model (incorporated
into the Wunsch-Bell equation) is

S 33 -0-5
Pr. = A3Cj VB t (6)

where A and B3 are experimentally established constants, C. is junction
capacitance, and VD is junction breakdown voltage.

To reasonably test model predictions, a representative sample of
experimental data is essential. The term "representative" is used
advisedly since a small sample taken from a large population must be
chosen carefully. All devices are taken from the front ends of an array
of Army communications systems. These interface circuits represent
radio, field wire, and coaxial cable functions. No devices were
prescreened. Instead, all devices were selected on the basis of their
proximity to the EMP coupling source with no exclusion on the basis of
potential power handling capability, and all devices were chosen without
regard to previously published device data. This latter condition
insured that all devices wre tested employing the same methodology and
the same standards. All devices were obtained from federal stocks over
a number of years without regard to manufacturer, device lot, or
supplier. To the extent that such a selection process defines a general
device population selected from among the types of devices of most
interest in a transient damage ana]ysis, then the test population can be
called representative.

3. RESULTS

This device population (to be referred to as the standard
population) was employed in this study:

IrI
1

ii..J .,

C' ' , - -" "

I , - , - .
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Silicon devices

2N32MA(C-B) 1N752A CA3018(E-H)

2NM2A(E-8) Pc115 SMB52617(C-B)

2N335(C-B) 1N3O26B:.JhN SM4B52617(E-B)

2N335(E-B) IN3611 2t41613.JXN(C-B)

2N336:PLNCC-B) IN3995A 2M¶613:JAN(E-B)

2N336:JhN(E-B) IN3016B 2N1485,-JAN(C-B)

2N2484(C-1) IN414", 2R1485:JAN(E-B)

2N2484(E-B) 10D2 2t13439(C-B)
2N3736(C-B) 2N2857(C-B) 243439(E-B)
2N3736(E-B) 2N2857(E-B) 2N706:.JAN(C-B)

2N930(C-aB) 2N3375(C-B) 2N706:JANtE-B)

2N930(ES-B) 2N3375(E-B) 1R-69-6735

2N"481(C-B) 2N1490:JAN(C-B) IN2580

2N2481(E-B) 2N1490:JAN(E-B) 114571A.:JAN

2N2907At C-B) 2N3584(C-B) 1N4e5B:jAN
2N2907A(E-B) 2N3584(E-B) IN29918B JAN

2N2222A(C-;3) 2N2894(C-B) 1N3O.',5B: AN
2N2222A(E-B) 2N2894(E-B) M401054
IN4384 2N5829(C-B) 1N746A:JAN

FS911-3465 2N5529(E-B) 1N645-jAN
IN1 2N3013:JAN(C-B) 1N1202RA:JAN
IN21WE 2N3013:CIAN(E-B) 1N1731h:JAN

N914ACA 30 18(C-B)

Germanium devices

2N404A(C-B) 2N396A(E-B) 2N705:JAN(E-B)
2N404A(E-B) 2N42SM:3AN(C-ED) 2N465M:JAi-4(C-B)
2N297A( C-B) 2N428M.,JPAN(E-B', 2N466M: MN(E-B)

2N297A(E-B) 2N393:JAN(C-B) 2N1042RA:JAN(C-B)

2NS26(C'-B) 2N393-JAN(E-B) 2NIfl42RA- JAN(Er5)

2N526(E-B) 2N501A:JRN(C-B) IN277:JAN
IN270 2N501A:JXN(E-B) MS1040

2N396A(C-E) 2N705:JAN(C-B)

Separ&te collector-to-base (C-B) and emitter-to-base (E-B) damage
::haract~eristics for all transistors yield 91 P-N junctý.n types. Power-
to-failure curves are available for these devices in the 0. 1- to 10-p~s

8



range, with some exceptions. If , for the devices with damage data in
the aforementioned range, a fit is made to equation (1), the histogram
for N given in figure I results.

I

41.

I .2 1.4 Le U 1.0

N

Figure 1. Histogram of N from damage equation PD f •t- for standard
population fitted in 0.1- to 10-ps range.

It will prove important for this study to consider the spread in the
standard population power to damage and to have damage values for all
tested devices. Because of test equipment limitations, some of the
devices were urdamageable, particularly for the shortest pulses. All
testing was performed about the 0.1-, 1-, and 10-ps pulse durations.
For devices with data missing at the 0.1-us pulse duration, it becomes a
simple matter to extrapolate from the I- and 10-ws data. An examination
of all data revealed that extrapolation could be done with a high level
of confidence; as a consequence, no distinction is made between these
extrapolated data and measured data. For devices with data missing at
the 0.1- and I-us pulse durations, extrapolation becomes much less
accurate. By relying on equation (1), data at 10 ps can be used to
extrapolate to 0.1 and 1 ps:

P (1 jis) , - P (0.1 11s) -ND 1 n D (.L 7
PD 70 (To and PD(10 !s) 100 (7)
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The choice of N is ciltical. Figure I indicates a value anywhere
between 0 and 1. IV` N - 0.5 is chosen, then this results in a maximum
error at the 1-ws pulsa duration of a factor of 3.16 and at the 10-Ps
pulse duration of a factor of 10. For some devices, the maximum no-

Sdamage pulse power is used to improve upon these potential error factors
in the choice of extrapolated damage levels. The final situation in no
power-to-damage dita for any pulse duration. This occurred with a
single device (VAIf995A). For this device, the junction capacitance
model was used to predict damage. The predicted value is compatible
with the maximurk no-damage power pulse. This compatibility represents
the unusual situation of using a model to contribute to a distribution
that is part oa. a test of the model. The predicted value was included
since it was considered more important to achieve a complete set of data
for the standard device distribution than to be concerned with a single
anomalous point. Beyond this distribution, little further use is made
of the 1N3995A damage data. The resultant distributions for the
standard device population are given in figures 2 through 4. The power-
to-damage values for the individual devices are given in appendix A.
Sources of uncertainty in the experimental damage data can be classified
as these •

a. The natural variability in the levels to failure in any
population used to define a damage curve

b. The deviation in the makeup of the test population from that
which is representative of a population of interest to the user

There is no way that a study can come to terms with the latter source of
uncertainty, except to anticipate the interest of the greatest number of
users and to select a population accordirgly. The former source can be
described by using standard error theory. In anticipation of a more
detailed description of the level of variability in the test population
later in the report, figure 5 presents as a histogram the range in the
data defined as

V'/V , for V' > V

or

V/V' for V > V.

where V is the experimental damage data point with the largest
deviation from the damage curve and V is the corresponding value from
the damage curve. These are values for all device types of the standard
test population under reverse bias. I-igure 5 represents the maximum
deviation from the experimentally defined damage curve for a typical
pcpulation of 9 to 15 tested components.

10,,
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Figure 2. Histogram of experimental power to damage for pulse duration
of 0.1 ls for silicon devices of standard population (solid curve)
with superimposed curve for germanium devices (dashed curve).
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Figure 3. Histogram of experimental power to damage for pulse duration
of 1 lis for silicon devices of standard population (solid curve) with
superimposed curve for germanium~ devices (dashed curye).



I-
YS

II I 111 102 103 ¶0,
POWER (W)

Figure 4. Histogram of experimental power to damage for pulse duration
of 10 ps for silicon devices of standard population (solid curve) with
superimposed curve for germanium devices (dashed curve).4:

30-20 -
10-

20 21 22 23 24 25 26 27

IWNE
Figure 5. Histogram of maximum deviation of device damage from

experimentally established damage curve for all devices of standard
population defined as ratio with corresponding point on damage curve.
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The most recent form of the junction capacitance damage model,
including the experimentally established constants, is given in
table 1. A number of difficulties are encountered in applying this
model to the standard device population. The model is not applicable to
germanium devices. For all silicon transistors, a knowledge of device
construction is required--a quantity that is sometimes difficult to
obtain from the literature. Similarly, junction capacitance and
breakdown voltage are often unobtainable. For transistors, these
parameters are rarely available for the base-to-emitter junction. The
consequence is that the model, based on published device parameters, is
applicable to only 12 percent of the standard device population. If
germanium devices are excluded from the standard population, this figure

increases to 16 percent. To supplement missing data, experimentally
established parameters for junction capacitance and breakdown voltage
were employed. These increased the size of the silicon standard
population to which the model was applicable to 47 percent.

TABLE 1o JUNCTION CAPACITANCE DAMAGE MODEL

Devices K = ptl/2 A

Diodes and nonplanar K = 4.97 x 10- 3 CjV9B57 .

silicon transistors

Mesa and planar K = 1.66 x 10-4C V'B 9 9 2

silicon transistors

Note: For transistors, C. - Cob and VBD =

BVcbO.
Source: DNA EMP (Elertromagnetic Pulse)

Handbook (U), Defense Nuclear Agency DNA 2114H
(July 1979). (CONFIDENTIAL)

It has been reported in the literature that little improvement in
the predictive capability of this junction capacitance damage model
occurs when experimental input parameters are substituted for published
values. 2  This study supports that conclusion. To compare the .4
predictive capability of the model using experimental and published
parameters, the data are presented in two formats. The quantities
presented are not the predicted values, but rather the scatter in the

2D. R. Alexander, G. L. Brown, and J. B. Almassy, Electromagnetic

Susceptibility of Semiconductor Components, Air Force Weapons Laboratory
AFWL-TR-74-280 (September 1975).
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predicted values defined as the ratio of the experimental power to
damage to the predicted value. These data are presented as a histogram
of the population distribution in figure 6. They are presented also as
a function of the percentage confidence level . The percentage
confidence level is defined as th^ percent of the subject population
with a scatter less than or equal to the given value. For this mode of
presentation, the scatter is given as the spread in the data without
regard to whether the predicted value is greater or less ;han the
experimental value. This means that for values of the predicted-to-
experimental ratio for damage less than 1, the data presented are the
inverse of this ratio. This mode of presentation provides a convenient
-way to judge the utility of the model based on the varying degrees of
confidence required by the diversity of potential model users. The
corresponding curves for the experimental and published model parameters
are given in figure 7.

LAM VALUE - 11

SMLLSTVAUE- -. i

4"-6 4-5 4-4 4-.4 4" 2 4 - 4e 41 42 43

Figure 6. Superimposed histograms of ratio of experimental power to
damage to predicted value based on junction capacitance damage
model: experimental parameters for junction capacitance and
breakdown voltage (solid curve) and manufacturers' parameters (dashed
curve).
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Figore 7. Confidence level for junct.ion capacitance damage model test
of standard population: published parameters (solid circles) and
experimental values for junction capacitance and breakdown' voltaqe
(open circles); al). extrapolated valuec for experimental damage data

are excluded from standard, population.

41 further reference to the predictions of the junction capacitanve

damage model is to a composite of data corresponding to the model
predictions based on experimental parameters plus those several devices
not included in this lot for which sufficient publishei parameters were
available. The device population can be ascertained from the data j
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presented in appendix A. This composite curve is presented in figure 8
for the standard population both including and excluding the
extrapolated experimental damage values.

U0

S0
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H~I 0

-00

0000ý00

!:
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II
00000000 0

00 000 00 
0
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Figure 8. Confidence level for junction capacitance damage model test
of composite standard population: all extrapolated values for
experimental damage data are excluded from standard population
(circles) and extrapolated values are included (solid curve).
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Much of the convenience of the junction capacitance model is lost
because of the limited availability of the requisite published
parameters* It is an informative exercise to test the performance of
the junction capacitance model by constructing alternative, simpler
damage models. The basis for the junction capacitance dma~ge model was
the observation that there appeared to be a correlation between junction

L area and transient power level to damage. It is not an unreasonable

supposition to theorize some measure of correlation between device dc
power rating and transient power level to failure. This model is to be
referred to as the dc power rating model. Since this mode] is being[ proposed not so much as a potentially more accurate substitute, but
rather as a standard for comparing the junction capacitance model, rigor

is sacrificed for convenience of use and general applicability. Sincer devices such as rectifiers have power ratings for forward bias and
devices such as reference diodes have power ratings for reverse bias, no
distinction is to be made between forward or reverse bias in developing
the model. For diodes without power ratings, but with a maximum rated
current, a power rating is derived by selecting a reasonable
corresponding junction potential. Similarly, power ratings for
transistors are assumed to apply to the C-B and the E-B junctions. By
theste standards, sufficient published data are available to apply such a
model to 88 percent of the standard silicon device population.

To develop and test the dc power rating model, the standard silicon
device population is divided into two groups. Population A (containing
approximately half the devices) is that segment lacking sufficient
information to apply the junction capacitance damage model, but for
which dc power ratings (as previously defined) exist. Population B is
the same as population A, but contains those devices to which the
junction capacitance damage model is applicable. By using population A
to develop the dc power rating model and population B to test its
predictive capability, a good comiparison of the alternative damage
models becomes possible. Since experimental data for constructing the
model are available about the 0.1-, 1-, and 1O-pis pulse durations, a
particularly simple model to fit the3e data is of the form

-DPD m -1 + A 2t-1/2 + A 3 ,1 (8)

where PDis the average power to damage for population A devices at
pulse duration t and PDC is the curresponding average dc power rating.
Although an equation of the form of equation (8) can be readily fitted
to the device data, care must be used in extrapolating this relationship
beyond the pulse durations used fox the. fit. For data at 0. 1, 1, and
10 pas, constants A,, A2, and A3 become (t in units of a)

17



PD( 10 us) PD( 1 us)
A1 a 5. 1 x 10-7 PD( 6.7 *10-7 (9)

PDC PDC

+ 1.6 A 10-7 PD( 0 "1 us)
PDC

PD( 1 0 Ws) PD(I ls)
A 2 -2.1 x 10-3 + 2.3 x 10-3PDr. PDC

(10)
PD(0. 1 us)

- 2.1 A 0"
PDC

PD2(l0 us) PD(I us) PD( 0 ' 1 us)
A3 - 1.6 PDW 0.68 PD( + 0.052 PD* (11)

The choice of the ratios of PD/PDc is based on the nature of the
experimental device population. To choose as the ratios of PD/PDC the
average of the selected population requires careful consideration of the
definition to be applied to average. The device experimental damage
data population is not a normal distribution, and included within this
distribution are a number of devices with extrapolated powers to
damage. If the average value for PD/PDC is taken as the arithmetic mean
of the distribution, then the error inherent in the extrapolated values,
values clustered at the high power end of the distribution, poses the
possibility of an average value unrepresentative of the actual
population. If the average value is taken as the median value of the
distribution, then the uncertainty of the extrapolated values (if their
number count is not too large) is eliminated, but at the risk that the
median is not the value most representative of the population. Because
of these uncertainties, both the arithmetic mean and the median are to
be used for all modeling. The values developed to these standards for
A1 , a , and A3 for population A are given in table 2. The junction
capacttance damage model and the dc power rating model applied to
population B are compared in figure 9.

The correlation to be drawn between these curves is a function of
the confidence level desired in the predictions. It is clearly beyond
the scope of this study, being based on a limited data base, to approach
the 100-percent level. Although all curves are extended to values
approaching 100 percent, this extension is based on very few data

18



points. The consequence is that caution must be exercised in
interpreting into the high confidence region. In the 50- to 90-percent
confidence range, the dc power rating model yields a correlation with
the experimental power to damage two to four times poorer than the
junction capacitance damage model.

TABLE 2. CONSTANTS A A, AND A FOR
DIRECT CURRENT POWER RATING MODil PD/PDc
- A t 1 + A t-1/2 + A31 2

Statistic AI A2  A3
(w-8)• (w-S12 ) Mw

Arithmetic 5.58 x 10-4 0.309 34.2
mean

Median 9.87 A 10-6 0.101 22.7

An examination of the spread in the junction capacitance damage
model predictions and the spread in the damage data of figures 2 to 4
indicates that it should be possible to define two power levels that
cover the range of experimental damage data with a spread comparable to
that of the junction capacitance model. As an attempt at such a model,
which is called the power class model, all devices are classified as
either high or low power devices based on published data.* Transistors
are routinely classified as either high or low power--the dividing line,
with some exceptions, is a power rating of I W. If the same 1-W
standard is applied to diodes, then the semiconductor population can be
divided into two claees. For model development for those diodes
without a power rating, all rectifiers, silicon reference diodes, and
varistors are considered high power, and the remaining devices are
considered low power. This division results in a model applicable to 90
percent of the standard silicon device population.

*The single exception in this model is microwave class devices.
Because of their very low power rating, the preferred model is divided
into three power categories. With few data available on transient
failure of microwave devices (the standard silicon device population
contains one microwave device, the IN21WE), the best that can be done
with the present study is to exclude this category.
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Figure 9. Confidence level for dc power rating model: arithmetic mean
used as standard for developing model parameters (solid circles),
median values employed (squares), and confidence level for junction~
capacitance damage model (solid curve).

In the development of this model, the same assumption on the power
relation of equation (1) is employed as in the junction capacitance
damage model (N - 0.5), despite the results of figure 1. In this way,
the comparision between models minimizes this factor as a source of error
and allows a better comparison between the basic damage models. The
model is developed by averaging the experimental powers to damage at the
l0-ps pulse duration for that segment of population A applicable to this

20
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model as previously defined for the high power rlass aid low power class
of devices. The average is defined, as previously, as both the
arithmetic mean and median values. The vamsch-bell relationship of
equation (1) is used to cal'culate the effective damage constant for the
high and low power devines'

KH 3.16 A " (12)

and

KL 3.16 x 10 3 PL , (13)

where KH and KL are the damage constants for thc high and low power
class of devices and PH and PL are the corresponding average
experimental power to damage at 10 ps for population A devices. The
values for YE and KL are given in table 3, Using equations (12) and
(13) with the damage constant values of table 3 on population B devices

results in tthe confidence level curves of figure 10 (with the junr.tion
capacitance damage model curve included for comparison). There is no
appreciable diff -rence in the predictive capability of the junction
capacitance -amage model and the power class damage model. Included in
figure 10 is a fourth curve that represents the scatter in the
experimental damage data for all population B devices. This curve is
the percentage confidence level that a device selected from among the
population B test items has a scatter from the experimentally
established damage curves less than or equal to the ordinate value.

TABtZ 3. DAMAGE CONSTANTS FOR HIGH AND LOW
POWER DEVICES FOF- POWER CLASS
DAMAGE MODEL

Statistic Damage constant (W-sl/2)

High power Low power

Ari.th"uetic mean 6.1 0.089

Median 2.2 0.063
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4. SUMMARY AND FINAL ANALYSIS

Two standards were used to analyze the predictive capability of the

juncticn capacitance damage model. The first was a comparative test
based on the development of two alternative, simpler models. Ease of
use and general aoplicability were the criteria for the des.,gn of the dc

power rating and power class models. These criteria resulted in models
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applicable to 88 and 90 percent of the devices of the silicon standard
population based on manufacturers' published data comipared with 16
percent for the junction capacitance damage model. *1I~e dc power rating
model was basedi on the anssumption that there exists somne measure of
correlation between transient leve'l to failure and dc power rating.
Since certain classes of devices are rated for forward bias and others
are rated for reverse bias, no distinction was made between these
conditions for model development.

Despite this nonricjorous mixing of power rating standards, the
resultant model provided a level of correlation with the experimental
damage data only two to four times poorer than the junction capacitance
damage model. The power class model was based on th~e assawtaption that
all devices (excluding microwave diodes) could be 7quated to either a
high power device with a damage constant of 6.1 W-sl (arkttm~etic mean)
or a low power device with a damage constant of 0.089 W-s1 12 (arithmetic
mean). To establish the applicable class for transistors, thef ~manufacturers' catalogings of! devices as high or low power were used.
Since the dividing line between high and low powers is a rating of 1 W
(with some exceptions), the 1-W power rating was used to divide diodes
into the applicable classes. The resultant model diuplayed a level of
correlation with the experimental damage data comparable to the level of
the Junction capacitance damage model. These results do not bode well
for the ostensibly more sophisticated junction capacitance damage model.

A second standard to test the predictive capability of the junction
capacitance damage model is based on the uncertainty in the failure
level of devices resulting from their spread about an experimentally
established damage curve. This uncertainty compels the user to place
error bars upon the experinental damage data. Also, this uncertainty
gives an absolute standard for comparing the junction capacitance damage
model.* It is standard procedure to define a device failure curve and to
bound the lower limit on this curve with a second curve. This lower
limit insures a certain measure of confidence that the subject device
does not have an actual failure level below the value used. To achieve
this same measure of confidence by using predicted failure based on the
junction capacitance damage model requires a spread in the low bound
approximately one order of magnitude larger than that required of an
experimentally determined failure relationship.

In the development of the dc power rating and power class models, .
some concern must be given to the possibility that the population
selected and the standards used produced & fortuitous correlation with
the capacitance model. Although the size of t~he population and the
standards used would seem to minimize this possibility, it is a
worthwhile exercise to redefine the population and the standards to
observe the resultant variation in model predictions. An exhaustive
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compendium of such results is giqen in the appendix. A rigorous
comparison among the many predictions is difficult because of the
varying standards. Nevertheless, the trend indicates a variation in
model predictionh, particularly for the power class model, that requires
no qualification of the results given in the body of this report.
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APPENDIX A

Contained within this appendix is a code used to generate many of
the data presented in the body of the report and a statistical study of
the direct current power rating and power class models based on varying
population standards. Included with the code is a single printout of
resultant code data. The printout covers only those dati for which the
arithmetic mean was used for all modeling, and the extrapolated values
for experimental power to damage were incorporated into the data base.

Although not indicated in the main body of the report, a study of
the performance of the junction capacitance damage model for germanium
devices is included. The germanium device model was taken from
documentation receiving limited distribution based on a very limited
germanium device population. Predictably, the results indicate a much
poorer performance of the junction capacitance damage model for the
germanium than for the silicon devices,

The nature of the populations and the results for the alternative
tests of the proposed models ar4, discernible from the information
included in the data output. The quantity of the printed data is
indicative of the maLs of the data that must be h-.fled in a study of
this nature.
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